Tris-buffer, pH 7.5, 0.2 ml of enzyme preparation and 2.2 ml of 1 mM MVH. After preincubation for 2.5 minutes, the reaction was started by adding 0.1 ml of 30 mM Na2SO3 from the side arm and the change in optical density at 600 mp was followed. b) Measurement of NADPH-linked sulfite reductase activity.
The assay is a modification of the method of Hilz et al. 13 ' which was applied to yeast enzyme.
The main compartment of the manometric vessels contained 2 p moles of MgCl2, 5 u moles of glucose-6-phosphate, 0.3 mg of glucose-6-phosphate dehydrogenase, 1.6 p moles of NADP, 350 p moles of phosphate buffer, pH 7.5, and enzyme preparation, in a total volume of 1.9 ml.
The center well contained 0.3 ml of 10/ NaOH and a small strip of filter paper.
The measurements were performed at 30° under nitrogen. The reaction was started by the addition of 3 p moles of Na2SO3 from the first side arm of the vessels.
After 40 minutes, 0.1 ml of 12N H2SO4 was added from the second side arm of the vessels and then shaken for one hour to allow the evolved H2S to be absorbed in NaOH. The resultant solution was then analyzed for sulfide by the method of St The reaction mixture was subjected to 20 minutes preincubation, followed by an addition of substrate. Substrate-free reaction mixture was started simultaneously as the control. Open circles and solid circles represent the H2 consumption in the reaction and in the control, respectively.
Assay conditions:
The complete system contained 1.3 ml of enzyme preparation, 0.6 ml of 500 mM Tris-buffer, pH 7.5, 0.1 ml of 3% bovine serum albumin solution, 0.3 ml of 20 mM MV, 0.1 ml of hydrogenase, 0.1 ml of 300 mM Na2SO3 solution.
Total volume, 3.0 ml; 0.2 ml 20% KOH in center well; temp., 30°; gas phase, hydrogen.
of Desulfovibrio desul furicans by a modification of the method described by Ishimoto and Koyama16'. NADPH-linked sulfite reductase from yeast was the generous gift of Dr. N. Naiki and this enzyme preparation expressed the activity of 484 mp moles H2S production per 40 minutes per milligram protein under the optimum assay condition. Glucose-6-phosphate dehydrogenase was the crude enzyme from yeast17' . Chemicals: MV (British Drug Houses Co.) was reduced by the method of Ishimoto and Koyama16'. NADP was obtained from the Sigma Chemicals Co .
Results
Sulfite reduction by crude leaf extracts:
Fresh leaves (20g) were macerated in 20 ml of 100 mM Tris-buffer, pH 7.5, in a Waring blender for 3 minutes . The homogenate was squeezed through gauze and the filtrate was dialyzed for 4 hours against 10 mM Tris-buffer, pH 7.5. After dialysis, the non-cliff usible material was subjected to an examination of activity.
The results obtained are plotted in Fig. 1 . Although not indicated in the figure, an exact proportionality between the concentration of the enzyme preparations and the uptake of hydrogen was observed over a wide range.
Further, as shown in Table 1 , sulfite reductase activity appears to be localized in the soluble fraction of green leaves , since all of the activity was recovered in the supernatant when the non-diffusible extract of Allium odorum was centrifuged at 100,000>< g for 60 minutes.
Stability of sulfite reductase in crude extract:
The stability of the sulfite reductase Table 2 . Effect of heat treatment of enzyme preparation on sulfite reductase activity . Original enzyme preparation was heated at the temperature indicated and the resulting suspension was allowed to stand for 5 minutes at 0° and then centrifuged at 10,000 x g for 15 minutes. The clear supernatant obtained was subjected to enzyme assay. The assay was conducted in 100 mM phosphate buffer, p1I 8 .0. Activity is expressed as relative value, taking the activity of original preparation as 100.
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in the crude enzyme preparation of Allium odorum was investigated. The protein precipitate formed between 30 and 70% saturation of ammonium sulfate was dissolved in distilled water.
This solution was dialyzed against 10 mM phosphate buffer, pH 7.5, and the non-diffusible material was subjected to heat treatment.
As indicated in Table 2 , this enzyme is heat stable.
Even after the treatment at 60° for 5 minutes, the enzyme activity was not destroyed.
Spectrophotometric measurements of sulfite reductase activity: Fresh leaves of spinach (80g) were macerated in 40ml of 100 mM Tris-buffer, pH 7.5 in a mortar with 40g of quartz sand. Homogenate was centrifuged at 10,000 x g for 15 minutes. Solid ammonium sulfate was slowly added to the supernatant solution until 90% saturation was obtained. The suspension was allowed to stand for 10 minutes and was then centrifuged at 10,000 x g for 15 minutes.
The precipitate was dissolved in a small amount of distilled water and then dialyzed against 25 mM Tris-buffer, pH 7.5, for 24 hours.
After dialysis, 45 ml of enzyme preparation was obtained. As shown in Fig. 2 , the addition of sulfite to an anaerobic mixture of MVH and crude enzyme preparation of spinach caused a rapid oxidation of the reduced dye.
Effects of pH and buffer composition on the sulfite reductase activity: In Fig. 3 , the activity of sulfite reductase is plotted against the pH of buffer solution tested. Five hundred mM Tris-buffer was used in this experiment.
From this figure, the optimum pH is found to be 7.5, and this value is in fair agreement with that of sulfite reductase from Asp. nidulans18~. Further, in order to examine the effect of buffer composition on enzyme activity, two kinds of buffer systems, i. e. 500 mM Trisbuff er, pH 7.5 and 500 mM phosphate buffer, pH 7.5 were used.
As shown in Fig. 4 , the H2 uptake of Tris-buffer system was more rapid than that of phosphate buffer.
But phosphate buffer is suitable for the assay of sulfite reductase becauce of its linearity of the time course curve.
Distribution of sulfite reductase: Table 3 shows the presence of sulfite reductase 3. Effect of pH on sulfite reduction. same as those in Fig. 1 Sulfite reduction with NADPH by partially purified enzyme preparation: Fresh leaves (55 g) of Allium odorum were macerated in 34 ml of 200 mM phosphate buffer, pH 7.5, and the homogenate was squeezed through gauze. The filtrate was used as crude extract (Solution (A)). Solid ammonium sulfate was slowly added to the crude extract until 30/ saturation was obtained.
The suspension was allowed to stand for 24 hours and then centrifuged at 10,000 x g for 15 minutes. The precipitate was dissolved in a small amount of distilled water and dialyzed for 24 hours against 10 mM phosphate buffer, pH 7.5. After removing the precipitate in the cellophane tubes by centrifugation, the clear supernatant (Solution (B)) was obtained. Solid ammonium sulfate was slowly added to the Solution (B), described above, until 60% saturation was obtained.
The precipitate was dissolved in a small amount of distilled water and dialyzed for 24 hours against 10 mM phosphate buffer, pH 7.5. The internal solution in the cellophane tube, thus obtained, was designated as Solution (C). Cold acetone was added slowly with mechanical stirring to the Solution (C) to reach a 57/ (volume for volume) acetone concentration at approximately -15°. The suspension Other assay conditions were the same as those in Fig. 1 . Table 4 . NADPH-sulfite reductase system of A. odorurn.
reductase activity was the same as those in Fig.  1 Na2SO3 solution was used.
Assay of except that MVH-sulfite 300 mM was held at 15° for 10 minutes and then centrifuged at 10,000 x g for 15 minutes. The precipitate was suspended in distilled water and then dialyzed for 24 hours against 10 mM phosphate buffer, pH 7.5. After dialysis, the small amount of denatured protein in a cellophane tube was discarded by centrifugation at 30,000 x g for 60 minutes.
This clear supernatant was designated as Solution (D). As shown in Table 4 , NADPH-linked sulfite reductase activity was only demonstrated in Solutions (B) and (C). Solution (A) was inactive itself and had an inhibitory activity to NADPH-linked sulfite reductase from yeast.
Discussion
The presence of specific enzymes in cells does not per se establish the occurrence of a given sequence of reactions in vivo. In general, exact demonstration of sulfite reductase activity in leaf extracts from various kinds of higher plants shows the possibility that inorganic sulfite is an intermediate in sulfate assimilation of higher plants.
Also, this sulfite reductase is concerned with assimilatory pathway of sulfite. When compared with sulfite reductase from Aspergillus nidulans18~, the enzyme in higher plants exhibits high stability for heat treatment.
The addition of phosphate, as a buffer constituent, to the reaction mixture caused a marked decrease in activity but also caused a high linearity of time course curve.
This effect of phosphate is observed also with photosynthetic nitrite reductase from spinach leaves19~ , but the reason for this phosphate effect in both cases awaits further elucidation.
Acetone treatment of enzyme abolished the activity of NADPH-linked sulfite reductase.
Although the exact meaning of the result must be clarified in further experiments, it can be considered that some acetone soluble factor is essential for this enzyme action or that this enzyme system is easily decomposed by this solvent. Addition of nicotinamide adenine dinucleotide, photosynthetic pyridine nucleotide reductase from spinach leaves and ferredoxin from Clostridium pasteurianum, in place of methylviologen, to the above mentioned sulfite reductase system resulted in no hydrogen uptake.
Only the benzylviologen can replace methylviologen at the present stage of experiment.
Summary (1)
The crude leaf extract of different higher plants shows a remarkable activity of sulfite reduction with reduced-methylviologen.
And the participating enzyme for this reaction i s not precipitated by the centrifugation at 100,000 x g for 60 minutes. (2) The addition of phosphate buffer to this enzyme reaction system caused a marked decrease of activity but also caused the high degree of linearity of time course curve.
This sulfite reductase is more stable to heat than that from microorganisms. (4) Distribution of sulfite reductase in several higher plants was examined. (5) The reduction of sulfite by partially purified enzyme preparations with NADPH-generating system was observed. However, not only the crude extract but also the acetone treated fraction could not reduce sulfite with the system mentioned above.
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